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1
SECONDARY BATTERY COMPRISING
INSULATOR

TECHNICAL FIELD

The present invention relates to a secondary battery. More
specifically, the present invention relates to a secondary bat-
tery having a structure in which a jelly-roll having a cathode/
separator/anode structure is mounted in a cylindrical battery
case, wherein a plate-shaped insulator mounted on the top of
the jelly-roll includes a perforated inlet enabling gas dis-
charge and penetration of electrode terminals, a plurality of
fine pores having a size that allows permeation of an electro-
lyte solution, but does not allow permeation of foreign mate-
rials, and a plurality of strip or bead shaped protrusions dis-
posed in transverse and/or longitudinal directions on one or
both surfaces of the insulator.

BACKGROUND ART

The development of techniques associated with mobile
devices and increase in demand therefor have brought about
rapid increase in the demand for secondary batteries as energy
sources. Among secondary batteries, lithium secondary bat-
teries with high energy density, high driving voltage and
superior storage and lifespan characteristics are widely used
as energy sources of various electric products including
mobile devices.

Depending on the shape of the battery case, the secondary
battery may be divided into cylindrical and rectangular bat-
teries mounted in cylindrical and rectangular metal cans,
respectively, and a pouch-shaped battery mounted in a pouch-
shaped case made of an aluminum laminate sheet. Of these,
the cylindrical battery has advantages of relatively high
capacity and superior structural stability. The electrode
assembly mounted in the battery case is an electricity-gener-
ating device enabling charge and discharge that has a cathode/
separator/anode laminate structure and is divided into a jelly-
roll type in which an electrode assembly including a separator
interposed between a cathode and an anode, each made of an
active material-coated long sheet, is rolled, a stack-type in
which a plurality of cathodes and a plurality of anodes are
laminated in this order such that a separator is interposed
between the cathode and the anode and a stack/folding type
which is a combination of a jelly-roll type and a stack type. Of
these, the jelly-roll-type electrode assembly has advantages
of easy manufacture and high energy density per weight.

In this regard, a conventional cylindrical secondary battery
is shown in FIG. 1. An insulator generally used for the cylin-
drical secondary battery is shown in plan views in FIGS. 2 and
3.

Referring to the drawings, a cylindrical secondary battery
100 is manufactured by mounting a jelly-roll type (rolled-
type) electrode assembly 120 in a battery case 130, injecting
an electrolytic solution into the battery case 130 and coupling
a cap assembly 140 provided with an electrode terminal (for
example, a cathode terminal; not shown) to the open top of the
case 130.

The electrode assembly 120 is obtained by inserting a
separator 123 between a cathode 121 and an anode 122 and
rolling the resulting structure into a round shape. A cylindri-
cal center pin 150 is inserted into the core (center) of the
jelly-roll. The center pin 150 is generally made of a metal to
impart a predetermined strength and has a hollow-shaped
cylindrical structure of a roundly bent plate material. Such a
center pin 150 sets and supports the electrode assembly and
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serves as a passage, enabling discharge of gas generated by
internal reaction during charge and discharge, and operation.

In addition, a plate-shaped insulator 180a is mounted on
the top of the electrode assembly 120, and is provided in the
center thereof with an inlet 181¢ communicating with the
through hole 151 of the center pin 150 so that gas is dis-
charged and the cathode tap 142 of the electrode assembly
120 is connected to the cap plate 145 of the cap assembly 140.

However, the insulator 180a arranged on the top of the
jelly-rollis a structure that blocks a passage through which an
electrolyte solution permeates into a battery in the process of
injecting an electrolyte solution into the battery. For this
reason, the electrolyte solution permeates the battery only
through the inlet 181a communicating with the center pin 150
and a region excluding the insulator 180a, thus disadvanta-
geously requiring a long time for injection of electrolyte and
consequently causing deterioration in production efficiency.

In order to improve permeability of the electrolyte solu-
tion, as shown in FIG. 3, a partial connection member 1805
having a structure in which a plurality of through pores 1825
are formed around an inlet 1815 is suggested.

However, this structure is found to have serious problems
in terms of safety. That is, conductive impurity particles such
as metal powders generated in the process of manufacturing
and/or assembling the cap assembly 140, the battery case 130
and the like are permeated into the electrode assembly 120
through the through pores 18254 that are perforated in the
insulator 1805, thus disadvantageously causing occurrence of
short circuit or deterioration in battery lifespan.

Accordingly, there is an increasing need for secondary
batteries that enhance injection processability while main-
taining electrical safety.

DISCLOSURE
Technical Problem

Therefore, the present invention has been made to solve the
above and other technical problems that have yet to be
resolved.

It is one object of the present invention to provide a sec-
ondary battery that can improve permeability of electrolyte
solution, and safety, performance and productivity of batter-
ies through a novel insulator.

Technical Solution

In accordance with one aspect of the present invention,
provided is a secondary battery having a structure in which a
jelly-roll having a cathode/separator/anode structure is
mounted in a cylindrical battery case, wherein a plate-shaped
insulator mounted on the top of the jelly-roll includes: a
perforated inlet enabling gas discharge and penetration of
electrode terminals; a plurality of fine pores having a size that
allows permeation of an electrolyte solution, but does not
allow permeation of foreign materials; and a plurality of strip
or bead shaped protrusions disposed in transverse and/or
longitudinal directions on one or both surfaces of the insula-
tor.

In general, a cylindrical secondary battery is fabricated by
inserting a jelly-roll into a cylindrical can, mounting an insu-
lator on the top of the jelly-roll and performing a beading
process to fix the jelly-roll. Such a beading process is carried
out by applying pressure in a longitudinal direction while
bending the peripheral surface of the cylindrical can using a
metal. In this process, metals contact one another to cause
deformation and fine metal fragments are thus generated.
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When these fine metal fragments are incorporated into bat-
teries, short circuit occurs. Accordingly, the insulator should
facilitate injection of electrolyte solution, while not allowing
permeation of foreign materials such as fine metal fragments.

Particularly preferably, the cylindrical secondary battery
can greatly improve injectability, since it allows permeation
of electrolyte solution over the entire surface of the insulator
through the insulator having a structure mounted on the top of
the jelly-roll when the electrolyte solution is injected, and can
prevent short circuit, as compared to conventional insulators
having a larger diameter. These facts can be seen from experi-
mental results described below.

The strip or bead shaped protrusions may be formed by
pressing parts other than the protrusions. Based on such struc-
ture, mechanical properties of insulator can be improved.

In general, as porosity increases, the density of insulator
decreases and mechanical strength is deteriorated. That is,
smooth injection of electrolyte solution is inversely propor-
tional to gas discharge and mechanical strength. However, the
present inventors confirmed that porosity can be maintained
and desired mechanical strength can be secured by forming
protrusions described above. Also, surface friction can be
improved by forming the protrusions. That is, during a bead-
ing process to fix the jelly-roll after the insulator is mounted
in the process of manufacturing cylindrical batteries, when
frictional force of insulator is excessively low, a problem in
which the insulator causes damage to electrode terminals
perforated while rotating can be prevented.

Any material may be used for the insulator without par-
ticular limitation so long as it has insulating properties, the
insulator may be composed of an electrical-insulating poly-
mer resin or an electrical-insulating polymer composite and,
specifically, the polymer resin may be one or more selected
from the group consisting of polyethylene (PE), polypropy-
lene (PP), polybutylene (PB), polystyrene (PS), polyethylene
terephthalate (PET), natural rubbers and synthetic rubbers.

The fine pores have a size, providing electric insulating
property, as an inherent function of insulator and allowing
permeation of an electrolyte solution during injection of elec-
trolyte solution. In a preferred embodiment, the fine pores
may have a diameter of 1 um to 100 pm.

As confirmed by the present inventors, when the size (di-
ameter) of pores exceeds 100 pm, fine metal particles pro-
duced by a cap assembly, a battery case or the like may be
incorporated into a jelly-roll through pores of the insulator in
the process of assembling batteries, thus disadvantageously
causing short-circuit.

In a preferred embodiment, the fine pores may be spaced
from one another by a predetermined distance over the entire
surface of the insulator. Here, the distance often means a
distance between fine pores perforated on the insulator. By
forming the fine pores over the entire surface of the insulator,
injection of electrolyte solution is advantageously facilitated.
By forming the fine pores by a predetermined distance, physi-
cal properties can be uniformly maintained over the entire
surface of the insulator. When pores form clusters in specific
parts, the cluster parts disadvantageously have deteriorated
physical strength, as compared to other parts.

The insulator according to the present invention may have
a variety of shapes.

In one embodiment, the insulator comprises a material
molded with a polymer resin or composite and may have a
structure in which fine pores perforate through the molded
material (plate-typed body).

In another embodiment, the insulator comprises a woven-
fabric in which long fibers made of a polymer resin or com-
posite form fine pores.
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In another embodiment, the insulator comprises a non-
woven fabric in which short fibers made of a polymer resin or
composite form fine pores.

When the fine pores are perforated while passing through
the molded material, permeation of electrolyte solution may
be relatively unfavorable and deteriorated gas discharge due
to surface tension and restoring force of the perforated part, as
compared to woven and non-woven fabrics. On the other
hand, woven and non-woven fabrics are free of a bending
phenomenon resulting from formation of pressing sheets,
thus advantageously enhancing processability.

The short fibers are partially bonded through needle punch-
ing or thermal fusion, or using an adhesive agent to form a
non-woven fabric. The non-woven fabric has a structure in
which fibers are randomly entangled. The short fibers may be
partially bonded through needle punching or thermal fusion,
orusing an adhesive agent, in order to fix the entangled fibers.

In a preferred embodiment, the protrusions cross one
another in transverse and longitudinal directions to form a
checker pattern. When the protrusions are formed in one
direction, there may be present difference in mechanical
strength according to directions. Accordingly, preferably, the
protrusions cross one another in transverse and longitudinal
directions to form a checker pattern.

Consequently, the protrusions may have a structure in
which an embossing pattern is present over the entire surface
of'the insulator. Based on the embossing pattern, mechanical
strength and surface frictional force can be improved.

The embossing pattern may have a structure in which non-
thermally fused parts form protrusions by thermally fusing a
part of the insulator. The protrusions and thermally-fused
parts may be an island or continuous shape.

In a specific embodiment, the insulator comprises a non-
woven fabric made of short fibers, parts bonded by thermal
fusion are disposed by a predetermined distance over the
entire surface of the insulator, and protrusions having a bar-
rier shape that are not thermally fused are disposed between
the bonded parts. Preferably, the insulator has a thickness of
0.1 mm to 0.5 mm. When the thickness of the insulator is
excessively small, the insulator cannot sufficiently exert insu-
lation and, on the other hand, when the thickness is exces-
sively large, a decrease in size of jelly-roll is induced in a
battery case having a constant size and battery capacity is
disadvantageously reduced.

Preferably, the secondary battery according to the present
invention may be applied to a lithium secondary battery fab-
ricated by impregnating a lithium-containing electrolyte
solution in the jelly-roll.

The present invention also provides a device comprising
the secondary battery as a power source.

Preferably, the device according to the present invention
may be used for mobile devices such as cellular phones and
portable computers as well as electric vehicles, hybrid elec-
tric vehicles, plug-in hybrid electric vehicles and power-stor-
ing devices in terms of superior lifespan and safety.

Effects of Invention

As apparent from the fore-going, the secondary battery
according to the present invention comprises an insulator that
is provided over the entire surface thereof with fine pores and
includes protrusions, thereby advantageously enabling an
electrolyte solution to be permeated over the entire surface of
the insulator while preventing short circuit and thus ulti-
mately greatly improving safety, performance and lifespan of
batteries.
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BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advantages
of'the present invention will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG. 1 is a representative sectional schematic view illus-
trating a cylindrical secondary battery;

FIG. 2 is a plan view illustrating an insulator used for the
secondary battery of FIG. 1 according to one embodiment;

FIG. 3 a plan view illustrating an insulator used for the
secondary battery of FIG. 1 according to another embodi-
ment;

FIG. 4 is a plan view illustrating an insulator according to
one embodiment of the present invention; and

FIG. 5 is a perspective view illustrating an insulator
according to one embodiment of the present invention.

BEST MODE

Now, the present invention will be described in more detail
with reference to the following examples. These examples are
provided only forillustrating the present invention and should
not be construed as limiting the scope and spirit of the present
invention.

FIG. 4 is a plan view schematically illustrating an insulator
according to one embodiment of the present invention. FIG. 5
is a perspective view schematically illustrating an insulator
according to another embodiment of the present invention.

Referring to FIGS. 4, 5 and 1, a secondary battery 100 has
a structure in which a jelly-roll 120 having a structure of
cathode 121/separator 123/anode 122 is mounted in a cylin-
drical battery case 130, wherein an insulator 180 is mounted
on the top of the jelly-roll 120.

The insulator 180c¢ is composed of polyethylene terephtha-
late (PET) with a thickness of about 0.4 mm, is provided at
one side thereof with an inlet 181¢ and is provided over the
entire surface thereof with a plurality of fine pores 182¢
having a diameter of 10 to 30 um that are spaced from one
another by a predetermined distance. Depressed embossing
183 structures are disposed in transverse and/or longitudinal
directions to form protrusions corresponding to continuous
raised embossing structures.

Accordingly, through the plurality of fine pores 182¢, an
electrolyte solution permeates into the entire surface of the
insulator 180¢ when injected, thus causing considerable
improvement in injectability and preventing occurrence of
short circuit. Also, through formation of protrusions based on
the depressed embossing 183 structures, mechanical strength
of insulator can be increased, and processability can be
improved due to increase in surface frictional force.

Now, the present invention will be described in more detail
with reference to the following examples. These examples are
provided only to illustrate the present invention and should
not be construed as limiting the scope and spirit of the present
invention.

Example 1

An insulator having a thickness of 0.4 mm in which a
rectangular inlet having a width of 6 mm and a length of 2.5
mm was perforated at one side thereof, a plurality of fine
pores having a diameter of 1 to 30 um were dispersed by a
predetermined distance of about 10 to about 30 um and
depressed embossing structures formed a pattern was manu-
factured using a polypropylene phthalate (PET) sheet, as
shown in FIG. 4. Then, the insulator was mounted on top of a
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jelly-roll in which a cathode/separator/anode was rolled
based on a center pin and a cylindrical secondary battery of an
18650 standard (diameter 18 mm, length 65 mm) was manu-
factured in a state that fine metal powders generated in the
process of battery assembly were arranged on the insulator.

Example 2

An insulator and a secondary battery were manufactured in
the same manner as in Example 1 except that an insulator, in
which a plurality of fine pores having a diameter of 100 pm
were uniformly distributed by a predetermined distance of
about 120 pum over the entire surface of the insulator, was
prepared.

Example 3

An insulator and a secondary battery were manufactured in
the same manner as in Example 1 except that a polypropylene
(PP) sheet was used as a material for the insulator, instead of
the polyethylene terephthalate (PET) sheet.

Example 4

An insulator having a depressed embossing pattern struc-
ture was manufactured using a polyethylene terephthalate
(PET) woven fabric that formed fine pores of 15 um as a
material for the insulator. An insulator and a secondary bat-
tery were manufactured in the same manner as in Example 1
except that the material for the insulator was used.

Example 5

An insulator having a depressed embossing pattern struc-
ture was manufactured using a polyethylene terephthalate
(PET) woven {fabric that formed fine pores of 15 pm on
average as a material for the insulator. An insulator and a
secondary battery were manufactured in the same manner as
in Example 1 except that the material for the insulator was
used.

Comparative Example 1

An insulator and a secondary battery were manufactured in
the same manner as in Example 1 except that a plurality of
pores was not included, as shown in FIG. 2.

Comparative Example 2

An insulator and a secondary battery were manufactured in
the same manner as in Example 1 except that three through
pores with a diameter of 2.5 mm were formed, as shown in
FIG. 3.

Comparative Example 3

An insulator and secondary battery were manufactured in
the same manner as in Example 1 except that a plurality of fine
pores having a diameter of 150 um were uniformly distributed
by a predetermined distance of about 120 um over the entire
surface of the insulator.

Comparative Example 4

An insulator and a secondary battery were manufactured in
the same manner as in Comparative Example 1 except that
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polypropylene (PP) was used as a material for the insulator,
instead of polyethylene terephthalate (PET).

Comparative Example 5

An insulator and a secondary battery were manufactured in
the same manner as in Comparative Example 1 except that a
polyethylene terephthalate (PET) woven fabric that did not
form fine pores was used as a material for the insulator.

Test Example 1

The secondary batteries manufactured in Examples 1 to 5
and Comparative Examples 1 to 5 were subjected to electro-
lyte solution impregnation testing. The results are shown in
Table 1 below. The electrolyte solution impregnation testing
was carried out by injecting a 1M LiPF, carbonate electrolyte
solution into the manufactured cylindrical battery case, mea-
suring a time taken until impregnation ratio of the jelly-roll
reached 100%, repeating this process four times and calcu-
lating an average of the four values.

In addition, a cap assembly was welded to the open top of
the manufactured secondary battery to produce 10 samples.
The samples were subjected to charge and discharge testing
and short circuit was confirmed. The results are shown in
Table 1 below.

TABLE 1
Time shortage
ratio (%) Number of
Impregnation (based on short-circuited ~ Short circuit
time (sec) Comp. Ex. 1) batteries (n) ratio (%)

Ex. 1 304 56 0 0
Ex. 2 311 55 0 0
Ex. 3 306 56 0 0
Ex. 4 383 45 0 0
Ex. 5 305 56 0 0
Comp. 698 0 2 20
Ex. 1

Comp. 538 23 4 40
Ex. 2

Comp. 301 57 1 10
Ex. 3

Comp. 692 1 2 20
Ex. 4

Comp. 605 13 0 0
Ex. 5

As can be seen from Table 1, the batteries of Examples 1 to
5 according to the present invention had considerably short-
ened electrolyte solution impregnation time, as compared to
Comparative Examples 1to 4. That is, it could be seen that the
electrolyte solution was efficiently permeated through a plu-
rality of fine pores provided in the insulator.

The battery of Comparative Example 2 exhibited improved
impregnation, but exhibited increased short circuit, as com-
pared to the battery of Comparative Example 1, the battery of
Comparative Example 3 also exhibited impregnation compa-
rable to Examples 1 and 2, but exhibited higher short circuit
rate. The reason for this was that metal powders were perme-
ated through relatively large pores, causing short circuitin the
jelly-roll.

On the other hand, the battery of Comparative Example 1
exhibited high short circuit rates as compared to the batteries
of Examples 1 and 2, although fine pores were not perforated
in the insulator on which the battery of Comparative Example
1 was mounted, as shown in Examples 1 and 2. The reason for
the high short circuit rate was believed to be due to the fact
that, in the batteries of Examples 1 and 2, movement of metal
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powders was suppressed when metal powders were entrapped
in the fine pores, but, in the battery of Comparative Example
1, metal powders were freely moved on the smooth surface of
the insulator and were moved to the jelly-roll through the
circumference of the inlet or insulator.

The battery of Example 3 had substantially the same
impregnation and short circuit rate, as that of Example 1,
since it was different from that of Example 1 in terms only
material for a sheet.

Also, it was seen that batteries of Example 4 and Example
5 using coarse woven and non-woven fabrics could consid-
erably reduce an electrolyte solution impregnation time, as
compared to batteries of Comparative Examples 1, 4 or 5,
because of the fine pores that were formed in the fabric
structure without separately forming fine pores.

Meanwhile, the battery of Comparative Example 5 used a
woven fabric that did not form fine pores, thereby exhibiting
slightly improved impregnation time, as compared to Com-
parative Example 1 using a PET sheet, but exhibiting dete-
rioration in impregnation performance, as compared to
Examples.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

The invention claimed is:

1. A secondary battery comprising:

a jelly-roll having a cathode, an anode, and a separator

disposed between the cathode and the anode structure in

a cylindrical battery case;

a plate-shaped insulator mounted on the top of the jelly-

roll, the insulator including:

aperforated inlet enabling gas discharge and penetration
of electrode terminals; and

aplurality of fine pores having a size of 1 pm to 100 um;

wherein the insulator comprises a non-woven fabric in
which fibers made of a polymer resin or composite
form fine pores,

wherein the fibers are partially bonded through needle
punching or thermal fusion, or using an adhesive
agent to form a non-woven fabric,

wherein the non-woven fabric is made of fibers, parts
bonded by thermal fusion are disposed by a predeter-
mined distance over the entire surface of'the insulator,
and protrusions that are not thermally fused are dis-
posed between the bonded parts,

wherein the protrusions are disposed on one or both
surfaces of the insulator,

wherein the fine pores are dispersed by a predetermined
distance over the entire surface of the insulator,

wherein the protrusions extend in transverse and longi-
tudinal directions and cross each other to form a
checker pattern, and

wherein the protrusions have a same height.

2. The secondary battery according to claim 1, wherein the
insulator is composed of an electrical-insulating polymer
resin or an electrical-insulating polymer composite.

3. The secondary battery according to claim 2, wherein the
polymer resin is one or more selected from the group consist-
ing of polyethylene, polypropylene, polybutylene, polysty-
rene, polyethylene terephthalate, natural rubbers and syn-
thetic rubbers.

4. The secondary battery according to claim 1, wherein the
protrusions form an embossing pattern over the entire surface
of the insulator.
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5. The secondary battery according to claim 1, wherein the
insulator has a thickness of 0.1 mm to 0.5 mm.

6. The secondary battery according to claim 1, wherein the
battery is a lithium secondary battery.

7. A device comprising the secondary battery according to
claim 1 as a power source.

8. The device according to claim 7, wherein the device is
selected from a cellular phone, a portable computer, an elec-
tric vehicle, a hybrid electric vehicle, a plug-in hybrid electric
vehicle and a device for power storage.

9. The secondary battery according to claim 1, wherein the
insulator divides the cylindrical battery case into an upper
chamber and a lower chamber,

wherein the fine pores extend from the upper surface of the

insulator to a lower surface of the insulator, and
wherein the upper surface of the insulator forms a lower
surface of the upper chamber.

10. The secondary battery according to claim 1, wherein
the insulator is a single layer.

11. The secondary battery according to claim 1, wherein
the insulator divides the cylindrical battery case into an upper
chamber and a lower chamber,

wherein the insulator has a top surface exposed to the upper

chamber and a bottom surface exposed to the lower
chamber, and

wherein the fine pores extend between the top surface and

the bottom surface.
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